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Mo CRYSTAL STRUCTURE INFLUENCES ON PLASMA ETCHING 
CHARACTERISTICS 

Masatoshi ODA and Kazuo HIRATA 
Musashino Electrical Communication Laboratory, 
Nippon Telegraph and Telephone Public Corporation. 

1 . INTRODUCTION 

Molybdenum gate technology has been investigated to 
realize high-speed MOS LSIs, 1 ^ because Mo has lower resistivity 
than poly-Si which is a most popular gate material for recent 
MOS LSIs. However, fine pattern delineation technique for 
Mo has not been established yet. Several investigators ' 
reported that CF^ or CF^ + 0 2 gas plasma is useful for Mo 
etching. The detailed etching characteristics and the etching 
mechanisms are not clarified. 

This paper discusses influences of Mo crystal structure 
on plasma etching characteristics . 

2. EXPERIMENTAL PROCEDURE 

An etching apparatus had a barrel type quartz reactor 
( 25 cm diameter, 45 cm length ). Plasma was excited by an 
RF generator operating at 13.56 MHz and 100 W. Etching gas 
was CF^ + 0 2 . Gas flow rates were 100 SCCM CF^ and 4 SCCM 
0 2 « Pressure was maintained at 0.27 Torr. Mo films were 
deposited using electron-beam evaporation method on thermally 
grown oxide of Si. Three samples of Mo single crystal were 10 
mm diameter and 2 mm thick, and plane indexes were (100), 
(110) and (111), respectively. 
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3. ETCHING CHARACTERISTICS 

5.1 ETCHING RATE 

Mo films were deposited under the following conditions, 
i.e., substrate temperature 400 °C, deposition rate 30 A/sec, 
thickness 3000 A. Figures 1 (a) and (b) show SEM photographs 
of these Mo film cross sections before and after etching, 
respectively. Etching duration was about a half of a just- 
etching time. In Pig. 1 (b), crystal grains in Mo film are 
clearly observed. They are perpendicular to the substrate. 
These grains are about 1000 A diameter columnar shape, whose 
height is equal. to the film thickness. With longer etching 
time, grains become slenderer and isolated from one another. 
However, the grain height hardly decreases and it maintains 
the height of the deposited film thickness. Figure 1 (c) 
shows a cross section of 15000 A thick Mo film after etching. 
Figure 1 (d) also shows a cross section of the half etched 
film, which is annealed in N 2 at 900 °C during 30 minutes 
before etching. Although the grain size is different from 
sample to sample, isolated grains are observed. 

Based on the above facts, the Mo film etching rate can 
not be estimated by a etching depth measurement, which is 
generally used to estimate the etching rate of other materials. 
Relations were examined between Mo film weight and etching time 
to obtain Mo etching rate. As shown in Fig. 2, the Mo film 
weight loss increases in proportion to etching time. Curve 
saturations in the longer etching time region mean etching 
termination. Therefore, the etching rate can be estimated 
from the curve slope. In Fig. 2, it is found that a thicker 
or a lower temperature deposited Mo film gives^a larger etching 



rate. Further, Mo film annealed before etching has a lower 
etching rate. 

The etching rate for Mo single crystals was investigated. 
The results are shown in Table I. Mo single crystals have much 
lower etching rate than evaporated Mo film. The etching rate of 
(111) plane is the largest, 3 times as large as that of (110) 
plane . 

3.2 UNDERCUTTING 

A 3000 A thick Mo film with resist patterns was etched and 
undercutting characteristics and pattern profiles were investi- 
gated. Figure 3 shows the relation between the undercutting and 
over-etching time. It is known that, for Si or Si^N^ etching, 
the same amount of undercutting occurs as the etching depth. 
However, Mo etching feature differs from this behavior. At 
just-etching, the undercutting is only one sixth of the etching 

depth, i.e., undercutting is about 500 A and the film thickness 

o 

is 3000 A. The undercutting increases gradually during over- 
.etching, as shown in Fig. 3. Figure 4 shows an SEM photograph 
of the Mo pattern profile. The cross section of Mo pattern is 
a rectangular shape and the Mo pattern sidewalls are 
perpendicular to the substrate. 

4. ETCHING MECHANISMS 

4.1 GRAIN ORIENTATIONS 

It is reported that evaporated Mo film consists of columnar 
grains perpendicular to the substrate, which exhibit (110) plane 
prefered orientation parallel to the substrate. 5 ^ The crystal 
structure of Mo films before and during etching were examined 
by an X-ray dif fractometer . A large (110) peak and a small (211) 

89 



n-3 

peak were observed before etching. The intensity of both peaks 
decreased with etching time and the peak intensity ratio was 
kept almost constant. No other peak appeared during etching. 
These results indicate that orientation characteristics of Mo 
film were maintained during etching. Other crystalline 
materials, such as reaction products of Mo with etching gases, 
are not produced during etching. 

4.2 A MODEL OP ETCHING MECHANISM 

It seems that the Mo etching rate is inherently small, 
because the etching rate for Mo single crystals is very small, 
as shown in Table I. However, deposited Mo films indicate 
large etching rates. It is known that barrel type plasma etching 
proceeds chemically by reactions of a sample with radicals 
diffused from the plasma region to the sample surface. In 
other words, etching reaction occurs on all the sample surface 
exposed to diffused plasma. Then we will consider the effective 
surface area of Mo films. From the results of Fig. 1, Mo 
effective surface area is not equal to a wafer surface area 
but equal to a summation of surface area of each columnar grain . 
Surface area and the number of grains on the wafer were 
estimated using SEM photographs to obtain the effective surface 
area. Figure 5 shows the relation between the effective surface 
area and the etching rate estimated from Fig. 2. A good linear 
relation is found. Therefore, deposition condition dependences 
of the etching rate, as shown in Fig. 2, are explained as 
follows. A thicker Mo film has higher columnar grains, so 
that the effective surface area is larger. Annealing treatment 
makes the diameters of columnar grains larger. This means that 
the number of grains on the wafer becomes small and, 
consequently, the effective surface area becomes small. 
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A lower temperature deposited Mo film is a contrary case of the 
annealed Mo film. The etching rate of Mo film changes in 
response to the effective surface area. 

Above consideration is based on a hypothesis that the 
etching rate at grain boundaries is extremely large and each 
grain is isolated immediately after the etching starts. 

Undercutting characteristics can be explained as follows. 
An undercutting generation requires that radicals are supplied 
to a pattern sidewall. Radicals hardly reach the sidewall 
before just-etching, because the grains around pattern prevent 
the lateral motion of radicals, a3 shown in Fig. 6. During 
over-etching, radicals arrive at the sidewall easily, so that 
undercutting occurs. 

Further, the rectangular cross section of Mo patterns 
is probably due to the fact that a grain shape is columnar. 

5 . SUMMARY 

CF^ + 0 2 gas plasma etching of evaporated Mo film was 
investigated. Columnar grains were observed in the Mo film 
cross section etched for a half of a just-etching time and 
the etching rate depended on the evaporation condition. 
Undercutting occured during over-etching. Taking the size and 
the number of the grains on the wafer into consideration, 
these experimental results were easily explained by the 
effective surface area of Mo films. 
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(a) As deposited 0 (b) Half etched 

(thickness: 3000 A). (thickness: 3000 A). 




annealed before 
etching). 

Pig.1 Cross sections of Mo films. 



Table I Etching rates of 

Mo single crystals. 
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Pig. 4 Mo patterns etched 
using resist mask. 
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Pig. 5 Relation between etching rate and ratio of the 
effective surface area to wafer area. 
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Fig. 6 Vicinity of Mo 
pattern during etching 
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